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METHOD OF MANUFACTURING STEEL PLATE 



(57) The present invention relates to a method for 
manufacturing a steel plate by the use of a steel plate 
manufacturing facility provided with at least one cooling 
device, at least one rectifying device, and at least one 
induction heating device, which are disposed in that or- 
der downstream from at least one hot rolling mill, com- 
prising the steps of: accelerated cooling a steel plate 



rolled by the hot rolling mill with the cooling device; rec- 
tifying the accelerated cooled steel plate with the recti- 
fying device; and sequentially heating the rectified por- 
tions of the steel plate with the induction heating device 
during the rectification of the steel plate. By this method, 
a steel plate having excellent flatness and desired prop- 
erties can be obtained without reduction in productivity. 



FIG. 1 



CM 
CM 



-BBBBB- 



■68b- 



CL 
LU 



BNSDOCID: <FP 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP 1 452 247 A1 



2 



Description 
TECHNICAL FIELD 

[0001] The present invention relates to a method for 
manufacturing a steel plate, in particular, a method for 
manufacturing on-line a steel plate having excellent flat- 
ness and desired properties without reduction in produc- 
tivity. 

BACKGROUND ART 

[0002] Japanese Unexamined Patent Application 
Publication No. 61-262428, Japanese Unexamined Pat- 
ent Application Publication No. 3-128122, and the like 
disclose on-line cooling technologies in which a cooling 
device is disposed connecting directly to a rolling mill, 
and a rolled steel plate is subjected to accelerated cool- 
ing in order to have desired properties. However, defor- 
mation such as camber generates due to rolling strain 
and cooling strain remaining in the steel plate subjected 
to accelerated cooling and, thereby, the flatness of the 
steel plate is deteriorated significantly. Therefore, the 
steel plate is obliged to receive on-line rectification. 
However, since the temperature of the steel plate de- 
creases, adequate rectification is not readily performed. 
Even if the rectification could be completed, deformation 
tends to generate again due to stress relief when the 
steel plate is sheared afterward. Consequently, the steel 
plate must be rectified again off-line or be subjected to 
stress relief annealing after cooling, which reduces the 
productivity significantly. 

[0003] A steel plate, such as a high strength steel 
plate for line pipe, required to have high strength and 
high toughness must be subjected to off-line tempering 
treatment after hot rolling and subsequent quenching or 
accelerated cooling in an accelerated cooling device, re- 
ducing the productivity significantly as well. 
[0004] In order to improve the productivity, Japanese 
Patent No. 3015923 proposes a method for tempering 
a steel plate after quenching or accelerated cooling us- 
ing a heating device disposed on-line. 
[0005] However, no conditions are described for uni- 
formly heating on-line a steel plate with high productivity 
nor for attaining excellent flatness of the steel plate. 

DISCLOSURE OF THE INVENTION 

[0006] It is an object of the present invention to pro- 
vide a method for manufacturing on-line, a steel plate 
having excellent flatness and desired properties without 
reduction in productivity. 

[0007] This object can be achieved by a method for 
manufacturing a stee! plate by the use of a steel plate 
manufacturing facility provided with at least one cooling 
device, at least one rectifying device, and at least one 
induction heating device, which are disposed in that or- 
der downstream from at least one hot rolling mill. The 



method comprises the steps of: accelerated cooling a 
steel plate rolled by the hot rolling mill with the cooling 
device; rectifying the accelerated cooled steel plate with 
the rectifying device; and sequentially heating the recti- 
5 fied portions of the steel plate with the induction heating 
device during the rectification of the steel plate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 [0008] 

Fig. 1 is a diagram showing an example of manu- 
facturing facilities for carrying out the method for 
manufacturing a steel plate according to the present 

15 invention. 

Fig. 2 is a diagram showing another example of 
manufacturing facilities for carrying out the method 
for manufacturing a steel plate according to the 
present invention. 

20 Fig. 3 is a diagram showing further another example 
of manufacturing facilities for carrying out the meth- 
od for manufacturing a steel plate according to the 
present invention. 

Figs. 4A to 4C are diagrams showing the tempera- 
25 ture rising behavior of steel plate at respective pass- 
es. 

Figs, 5A to 5C are diagrams showing the electric 
power input of inductors corresponding respectively 
to the passes shown in Figs. 4A to 4C. 

30 

EMBODIMENTS OF THE INVENTION 

[0009] Fig. 1 is a diagram showing an example of 
manufacturing facilities for carrying out the method for 
35 manufacturing a steel plate according to the present in- 
vention. 

[0010] In this manufacturing facility, one cooling de- 
vice 2, one hot leveler 3 serving as a rectifying device, 
and a plurality of solenoid type induction heating devices 

40 4 (hereafter simply referred to as inductors) are dis- 
posed in that order downstream from one finishing roll- 
ing mill 1 and, thereby, rectification and heating can be 
performed on-line. The hot leveler 3 and the inductors 
_4 are disposed.close to each other. 

45 [0011] In order to make fine crystal grains and to con- 
trol transformation microstructure, the steel plate rolled 
by the finishing rolling mill 1 to have a predetermined 
thickness is subjected to accelerated cooling with the 
cooling device 2 immediately after hot rolling. 

so [0012] Deformation such as camber generates due to. . 
rolling strain and cooling strain remaining in the accel- 
erated cooled steel plate. However, the hot leveler 3 al- 
lows to eliminate these strains and rectify the steel plate. . 
[0013] The rectified portions are heated sequentially 

55 with the inductors 4 disposed on the outlet side of the 
hot leveler 3 during the rectification of the steel plate, so 
that both tempering and residual stress relief can be 
conducted on the steel plate. 
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[0014] In general, when a steel plate is heated with 
inductors and at the same time transferred at a non-con- 
stant speed, non-uniform heating occurs in the longitu- 
dinal direction of the steel plate. And the surface of the 
steel plate is superheated with inductors. The transfer- 
ring speed must be, therefore, strictly controlled in order 
to keep the surface temperature at a predetermined 
temperature or lower. In the present invention, the rec- 
tified portions are heated sequentially with the inductors 
4 during the rectification of the steel plate and, thereby, 
the transferring speed of the steel plate during the heat- 
ing can be controlled at the point of the hot leveler 3. 
Therefore, more accurate speed control is possible as 
compared with the case where the transferring speed is 
controlled by the rotating speed of transferring rolls. 
Consequently, uniform and accurate heating can be re- 
alized with the inductors 4. In addition, rectification and 
heating can be performed almost simultaneously at a 
relatively large transferring speed and, thereby, high 
productivity can be achieved. A plurality of inductors 4 
make it possible to perform uniform heating in a shorter 
time, which is advantageous for on-line heat treatment. 
[0015] For on-line tempering treatment, the heating 
with the inductors 4should be performed so that the cen- 
tral portion in the plate thickness direction is heated at 
a predetermined temperature (for example, B50°C). On 
the other hand, for residual stress relief treatment, the 
heating with the inductors 4 should be performed so that 
the temperature should be controlled not to have any 
influence on the properties of the steel plate (for exam- 
ple, less than or equal to the Acl transformation point). 
[0016] If the steel plate is transferred reversibly, and 
rectification and heat treatment are repeated, then the 
number of inductors 4 can be decreased to simplify the 
facility. Since the heated stee>l plate can be rectified 
again with the hot leveler 3, the flatness of the steel plate 
can be further improved. Furthermore, there are merits 
in that, for example, since the steel plate can be rectified 
at a high temperature, accumulation of the residual 
stress is small and deformation due to shear can be 
thereby prevented. In addition, high speed rectification 
is also possible to improve the productivity. 
[0017] An example of pass schedules of the method 
according to the present invention, in which the manu- 
facturing facility shown in Fig. 1 is used, will be de- 
scribed below. 

First pass: A steel plate subjected to accelerated 
cooling is heated with the inductors 4 while being 
rectified with the hot leveler 3. Since the steel plate 
having excellent flatness can be fed to the inductors 
4 at a constant transferring speed, troubles related 
to heat treatment are reduced, so that uniform and 
rapid heating can be performed. 
Second pass: The steel plate is transferred revers- 
ibly, and rectified again with the hot leveler 3. Since 
the steel plate is heated to a high temperature at 
the first pass, excellent flatness can be achieved 



through high speed rectification. Furthermore, the 
heating strain generated through rapid heating at 
the first pass can be relieved. At this second pass 
as well, heating can be performed with the inductors 
5 4. 

Third pass: The steel plate is rectified again with the 
hot leveler 3, and simultaneously heated with the 
inductors 4. The temperature is finally controlled at 
this pass, and uniform heating is performed while 
to the steel plate is transferred at a constant speed. 
The rectification at the second pass may be omitted. 

[0018] In this case, when heating is performed with 
the inductors 4, the surface of the steel plate tends to 

15 be superheated as compared with the central portion in 
the plate thickness direction and, therefore, desirably 
the surface of the steel plate should be cooled after heat- 
ing. In the present pass schedule, since rectification can 
be performed with the hot leveler 3 after heating, the 

20 surface of the steel plate can be cooled by heat transfer 
to the leveler rollers, so thatthe deterioration of the prop- 
erties of the steel plate due to superheat can be prevent- 
ed. Furthermore, the cooling of the surface of the steel 
plate also makes it easy to perform rapid heating when 

25 the steel plate is heated again with the inductors 4. 
[0019] Fig. 2 shows another example of manufactur- 
ing facilities for carrying out the method for manufactur- 
ing a steel plate according to the present invention. 
[0020] In this manufacturing facility, a cooling device 

30 2, a first hot leveler 3A, a plurality of inductors 4, and a 
second hot leveler 3B are disposed in that order down- 
stream from a finishing rolling mill 1 . 
[0021] An example of pass schedules of the method 
according to the present invention, in which the manu- 

35 facturing facility shown in Fig. 2 is used, will be de- 
scribed below. 

First pass: A steel plate subjected to accelerated 
cooling is heated with the inductors 4 while being 

40 rectified with the hot leveler 3A. 

Second pass: The steel plate is transferred revers- 
ibly, and heated with the inductors 4 while being rec- 
tified with the hot leveler 3B. 
Third pass: The steel plate is rectified again with the 

45 hot leveler 3A, simultaneously heated with the in- 
ductors 4, and rectified with the hot leveler 3B. 

[0022] In this case, since the second hot leveler 3B is 
disposed on the outlet side of the inductors 4, even at 

so the second pass, uniform heating can be performed with 
the inductors 4 while being rectified with the hot leveler 
3B at the same transferring speed. To relieve heating 
strain, the rectification may be performed with the hot 
leveler 3A after heating with the inductors 4. In particu- 

55 |ar, when the rectification is performed with the second 
hot leveler 3B after heating at the third pass, the steel 
plate having more excellent flatness can be manufac- 
tured. 
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[0023] The present pass schedule is not limited to that 
in the above description. For example, rectification and 
heating at the second pass may be omitted so as to in- 
crease the transferring speed, thereby improving the 
productivity. 

[0024] Fig. 3 shows further another example of man- 
ufacturing facilities for carrying out the method for man- 
ufacturing a steel plate according to the present inven- 
tion. 

[0025] In this manufacturing facility, a cooling device 
2, a plurality of inductors 4A, a hot leveler 3, and a plu- 
rality of inductors 4B are disposed in that order down- 
stream from a finishing rolling mill 1 . The arrangement 
of the inductors 4A and 4B disposed respectively before 
and after the hot leveler 3 is different from those shown 
in Fig. 1 and Fig. 2. 

[0026] An example of pass schedules of the method 
according to the present invention, in which the manu- 
facturing facility shown in Fig. 3 is used, will be de- 
scribed below. 

First pass: A steel plate subjected to accelerated 
cooling is heated with the inductors 4A. At this time, 
since rolling strain and cooling strain remain in the 
steel plate, uniform heating cannot be performed. 
Therefore, small electric input power is given for 
preheating. The preheated steel plate is then heat- 
ed with the inductors 4B while being rectified with 
- the hot leveler 3. Since the steel plate is preheated, 
the flatter steel plate can be fed into the inductors 
4B. 

Second pass: The steel plate is transferred revers- 
ibly, and heated with the inductors 4A while being 
rectified with the hot leveler 3. At this time, the steel 
plate can also be heated with the inductors 4B. 
. Third pass: The steel plate is rectified again with the 
hot leveler 3, and simultaneously heated with the 
inductors 4B. At this time, the steel plate can also 
be heated with the inductors 4A. 

[0027] In this case, since the inductors 4A and 4B are 
arranged before and after the hot leveler 3, the heating 
capability is so high that it is effective for high heating 
temperature or for large thickness of the steel plate. 
[0028] The present pass schedule is not limited to that 
in the above description. For example, at the second 
pass, only the rectification with the hot leveler 3 may be 
performed, or neither the rectification nor the heating 
may not be performed. It is preferable that the number 
of the inductors 4A before the hot leveler 3 is the same 
as that of the inductors 4B after the hot leveler 3. 
[0029] In any one of the above-described methods, if 
the rectification is performed with the hot leveler under 
the condition in which the surface temperature of the 
steel plate is higherthan the average temperature of the 
steel plate after heating with the inductors, the rectifica- 
tion capability is improved to manufacture a flatter steel 
plate. For this purpose, the transferring speed of the 



steel plate between the inductors and the hot leveler 
should be controlled as described below. 
[0030] The surface temperature of the steel plate after 
heating with the inductors decreases almost exponen- 
5 tially with time. Consequently, the surface temperature 
T(t) after a laps of t second from the end of heating can 
be approximated by the following formula (1 ). 

10 T(t) = Tao + (Tso - Tao)exp(-t/x) (1 ) 

where x represents a time constant of thermal diffusion 
of the steel plate (s), Tso represents a surface temper- 
ature (°C) at the end of heating, and Tao represents an 
is average temperature (°C) in the plate thickness direc- 
tion at the end of heating. 

[0031] As is clear from the formula (1), the surface 
temperature of the steel plate is higherthan the average 
temperature of the steel plate when the value of t/x be- 

20 comes about 2 or less. (For example, if the surface tem- 
perature immediately after heating is assumed to be 
about 100°C higher than the average temperature, the 
surface temperature is higherthan the average temper- 
ature by 100exp(-2) = 14°C when the value of t/x is 2.) 

25 [0032] The time constant x can be determined based 
on the simulation of the surface temperature in accord- 
ance with the plate thickness. For example, when the 
plate thickness is 40 mm, x = 3.7 s, when the plate thick- 
ness is 25 mm, x = 2.1 s, and when the plate thickness 

30 is 12.5 mm, x = 0.B s. 

[0033] Consequently, when the distance between the 
inductors and the hot leveler is represented by L m, the 
steel plate can be rectified under the condition in which 
the surface temperature is higher than the average tem- 

35 perature by controlling the transferring speed of the 
steel plate to [L7(2x)J m/s or more. 
[0034] The above-described method for manufactur- 
ing a steel plate according to the present invention is 
effective particularly for manufacturing asteelplate hav- 

40 ing a thickness of 25 mm or less, which includes large 
rolling strain and cooling strain, or a highly accelerated 
cooled steel plate. These steel plates are generally hard 
to be rectified, and reversibly rectified by at least three 
passes. However, the present invention allows a steel 

45 plate having excellent flatness to be manufactured 
through the same number of passes. Furthermore, on- 
line tempering treatment can be performed with the 
same efficiency, so that significant reduction in delivery 
time and reduction in cost can be achieved. 

50 

Example 

[0035] The steel plate manufacturing facility shown in 
Fig. 1 was used. A hot rolled steel plate having a thick- 
55 ness of 25 mm and a width of 3,500 mm was accelerated 
cooled to 230°C with the cooling device, followed by rec- 
tification with the hot leveler and heating with the induc- 
tors according to the following pass schedule. Five in- 
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ductors having a coil length of 1.2 m, disposed at 1 m 
spacing, were used. The distance between the hot lev- 
eler and the inductors were 3 m. The aimed temperature 
of the center in the thickness direction was set to 650°C 
from the viewpoint of the tempering treatment, and the s 
aimed surface temperature of the steel plate was set to 
700°C or less from the viewpoint of the properties. 

First pass: The hot leveler speed was 20 mpm (pre- 
liminary rectification: rectifying camber of front or 10 
rear end), the upper surface temperature of the 
steel plate was 70°C at the inlet of the inductors, 
the inductor heat treatment speed was 20 mpm, and 
the uppersurface temperatureof the steel plate was 
545°C at the outlet of the inductors. 15 
Second path: The hot leveler speed was 80 mpm 
(strain rectification pass), the inductor heat treat- 
ment speed was 80 mpm, and the upper surface 
temperature of the steel plate was 607°C at the out- 
let of the inductors. 20 
Third pass: The hot leveler speed was 40 mpm, the 
inductor heat treatment speed was 40 mpm, and the 
upper surface temperature of the steel plate was 
650°C at the outlet of the inductors. 

25 

[0036] Figs. 4A to 4C show the temperature rising be- 
havior of the steel plate at the first pass, at the second 
pass, and at the third pass, respectively. The horizontal ' 
axis indicates the time (s), and the vertical axis indicates 
the temperature (°C). Symbol a indicates the upper sur- 30 
face temperature of the steel plate, syrnbol b indicates 
the temperature at a location one-quarter of the plate 
thickness from the upper surface (1/4 upper surface 
temperature), and symbol c indicates the temperature 
of the center in the plate thickness direction , and symbol 35 
d indicates the average temperature through the plate 
thickness direction. Here, b to d are values determined 
by calculation based on the measured upper surface 
temperature a. 

[0037] Figs. 5A to 5C show electric power inputs of -40 
the inductors required to achieve the temperature rising 
behavior of the steel plate at each pass shown in Figs. 
4A to 4C, respectively. The horizontal axis indicates the 
inductor number (the number is assigned in order of de- 
creasing proximity to the hot leveler.), the vertical axis *s 
indicates the electric power (KW), and the electric power 
input and the heat input calculated based on the thermal 
efficiency of each inductor are shown. 
[0038] As is clear from the results shown in Figs. 4, 
the temperature of the central position in the plate thick- so 
ness direction was raised to 650°C while the surface 
temperature of the steel plate did not exceed 700°C and, 
therefore, the aimed tempering treatment could be per- 
formed with high accuracy. This is not only because at 
the first pass in which rapid heating from 70°C to 545°C 55 
is performed, the rectified flat steel plate was fed into 
the inductors, and uniform heating was performed by the 
speed control with the hot leveler, but also because at 



the third pass in which the upper surface temperature 
of the steel plate becomes highest and the final temper- 
ature is determined, uniform heating was performed by 
the speed control with the hot leveler. 
[0039] Furthermore, the rectification was performed 
at a high temperature in the neighborhood of 600°C at 
the second pass and the third pass and, thereby, a steel 
plate having excellent flatness could be manufactured. 
In particular, the transferring speed at the second pass 
was controlled to 80 mpm and, thereby, the rectification 
was performed underthe condition in which the surface 
temperature was higher than the average temperature, 
so that the rectification capability was improved. If the 
time constant t of the steel plate having a thickness of 
25 mm is 2.1 s, an excellent rectification can be exerted 
when the transferring speed is at least 0.7 m/s (42 
mpm). No deformation due to stress relief occurred even 
when this steel plate was cut in the following step. 
[0040] In general, the rectifying speed of the steel 
plate subjected to accelerated cooling is 30 mpm and 
three passes are required. The transferring speeds are 
20 mpm at the first pass (the speed is low at the first 
pass because the temperature must be raised), 80 mpm 
at the second pass (the rectifying speed is improved be- 
cause of high temperature) , and 40 mpm at the third 
pass (the speed is improved because of uniform heat- 
ing) and, therefore, the rectification efficiency is im- 
proved as compared with the previous case where a 
steel plate subjected to accelerated cooling is rectified 
without being treated. That is, in the case where the 
steel plate subjected to accelerated cooling is heated by 
the method according to the present invention, on-line 
heat treatment can be performed with efficiency higher 
than or equal to the efficiency in the previous rectifica- 
tion. 



Claims 

1. A method for manufacturing a steel plate by the use 
of a steel plate manufacturing facility provided with 
at least one cooling device, at least one rectifying 
device, and at least one induction heating device, 
which are disposed in that order downstream from 
at least one hot rolling mill, the method comprising 
the steps of: 

accelerated cooling a steel plate rolled by the 
hot rolling mill with the cooling device; 
rectifying the accelerated cooled steel plate 
with the rectifying device; and 
sequentially heating the rectified portions of the 
steel plate with the induction heating device 
during the rectification of the steel plate. 

2. The method for manufacturing a steel plate accord- 
ing to Claim 1 , wherein rectification and heating are 
repeated by reversibly transferring the steel plate. 
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3. The method for manufacturing a steel plate accord- 
ing to Claim 1 . wherein a solenoid type induction 
heating device is used as the induction heating de- 
vice. 

4. The method for manufacturing a steel plate accord- 
ing to Claim 2, wherein a'solenoid type induction 
heating device is used as the induction heating de- 
vice. 

5. A method for manufacturing a steel plate by the use 
of a manufacturing facility provided with at least one 
cooling device, at least one rectifying device, at 
least one induction heating device, and at least one 
rectifying device, which are disposed in that order 
downstream from at least one hot rolling mill, the 
method comprising the steps of: 

accelerated cooling a steel plate rolled by the 
hot rolling mill with the cooling device; 
rectifying the accelerated cooled steel plate 
with the rectifying device; and 
sequentially heating the rectified portions of the 
steel plate with the induction heating device 
during the rectification of the steel plate. 

6. The method for manufacturing a steel plate accord- 
ing to Claim 5, wherein rectification and heating are 
repeated by reversibly transferring the steel plate. 

7. The method for manufacturing a steel plate accord- 
ing to Claim 5, wherein a solenoid type induction 
heating device is used as the induction heating de- 
vice. 

8. The method for manufacturing a steel plate accord- 
ing to Claim 6, wherein a solenoid type induction 
heating device is used as the induction heating de- 
vice. 



repeated by reversibly transferring the steel plate. 

1 1 . The method for manufacturing a steel plate accord- 
ing to Claim 9, wherein a solenoid type induction 

s heating device is used as the induction heating de- 

vice. 

1 2. The method for manufacturing a steel plate accord- 
ing to Claim 10, wherein a solenoid type induction 

10 heating device is used as the induction heating de- 

vice. 

1 3. The method for manufacturing a steel plate accord- 
ing to Claim 2, wherein the heated steel plate is 

15 transferred to the rectifying device at a transferring 
speed of at least [L/(2x)] m/s; 
where L represents the distance (m) between the 
induction heating device and the rectifying device, 
and i represents a time constant (s) of thermal dif- 

20 fusion of the steel plate. 

14. The method for manufacturing a steel plate accord- 
ing to Claim 6, wherein the heated steel plate is 
transferred to the rectifying device at a transferring 

25 speed of at least [L/(2x)] m/s; 

where L represents the distance (m) between the 
induction heating device and the rectifying device, 
and t represents a time constant (s) of thermal dif- 
fusion of the steel plate. 

30 

1 5. The method for manufacturing a steel sheet accord- 
ing to Claim 10, wherein the heated steel plate is 
transferred to the rectifying device at a transferring 
speed of at least [L7(2t)] m/s; 

35 where L represents the distance (m) between the 
induction heating device and the rectifying-device, 
and i represents a time constant (s) of thermal dif- 
fusion of the steel plate. 



9. A method for manufacturing a steel plate by the use 
of a manufacturing facility provided with at least one 
cooling device, at least one induction heating de- 
vice, at least one rectifying device, and at least one 
induction heating device, which are disposed in that 45 
order downstream from at least one hot rolling mill, 
the method comprising the steps of : 

accelerated cooling a steel plate rolled by the 
hot rolling mill with the cooling device; 
rectifying the accelerated cooled steel plate 
with the rectifying device; and 
sequentially heating the rectified portions of the 
steel plate with the induction heating device 
during the rectification of the steel plate. 

10. The method for manufacturing a steel plate accord- 
ing to Claim 9, wherein rectification and heating are 
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